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About Filtersafe®
With over three decades of experience in automatic
water filtration, Filtersafe filters are equipped not
only with the technology but also the know-how to
successfully integrate with seawater applications.
Filtersafe, being the premier supplier of seawater filters
protecting over 25% of the Ballast Water treatment
systems worldwide, provides a product capable
of dealing with even the most adverse filtration
conditions.
•

Ballast Water Management Systems

•

Desalination & Water Reclamation

•

Oil & Gas Sectors

•

Power & Energy Sector

•

Municipal Water Treatment

•

Other Industrial Needs

Reliable Filtration Down To 10 μm
With flow rates from 50-9,000m3/h in a single unit and
limitless capacity in modular configurations.
Filtersafe brings you unrivaled value, effectiveness and
durability. Our filters effectively remove high loads
of total suspended solids (TSS) and organic matter.
Filtersafe supplies our industry-leading filters either
as a skid-mounted stand-alone filter or with either
horizontal or vertical supports to match the installation
needs of any application including:
•

Disinfection Units Protection

•

Intake Water Filtration

•

Membrane & Cartridge Protection

•

Seawater Injection & Produced Water

•

Course Filtration

•

Treated Effluent Polishing

•

Cooling Water Circulation

•

General Purpose Industrial Process &
Protection Filters

Ballast Project

Skid Packages
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Pre-Treatment Project

Preface
When we set out to improve the materials we use to build our ballast water filters, we understood that we were
undertaking a serious and comprehensive challenge. The screen is the heart of our filter, and so we used that as the
basis for our investigations. Since the biggest challenge any stainless steel item faces when constantly exposed to
seawater is corrosion, we launched a years-long process to:
•

Communicate with our clients to understand the challenges our filter screens face

•

Research what technological solutions can overcome those challenges

•

Develop the best solution to drastically increase the durability of our screens

The white paper in front of you goes into each of these points in detail. Read on to discover what we did along the
way, and what lead us to our ultimate decision of upgrading all of our screens to the high quality 904L stainless steel
in seawater applications.
Reach out to us at marine@filtersafe.net for more information about the topics discussed in this white paper, or to
schedule a consultation regarding which filter is best for your ballast water management system or ship.

About The Author
MSc. Anat Weisbrod - Chief Scientist at Filtersafe
Anat started her career at the Technion, before getting her MSc. at Hebrew University.
She worked as an R&D Engineer in several companies, pioneering advancements
in water filtration. Currently, in her role as the Chief Scientist at Filtersafe, she
is in charge of all scientific aspects of the R&D and manufacturing processes.
Anat has published several scientific articles. She also took part in developing some of the
filtration technology patents that Filtersafe holds today.
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Introduction: The Unique Environment
Seawater contains high amounts of dissolved salts, mainly chlorides, that promote corrosion. In
addition, the presence of microbial fauna can lead to the formation of biofilm that will result in
microbiologically induced corrosion (MIC).
Seawater systems are prone to suffer from different types of the following corrosion attacks: pitting
corrosion, crevice corrosion, MIC; These are all phenomena that are likely to occur when stainless
steel components come into contact with seawater.
Corrosion is a particular issue for Ballast Water Systems which are used to provide stability for vessels.
These systems are designed to pump water (typically seawater) into tanks to provide additional stability when
carrying cargo. The combination of the three different conditions described below presents a unique challenge for
corrosion control:
•

The amount of water in the tanks varies from one voyage to the next. The tanks are half-full most of the
time, resulting in multiple corrosion zones within the filter: gas phase, splash zone, liquid zone and sediment
(Figure 1). Each zone is characterized with different corrosion problems and rates (1,2).

•

The quality of the water varies from port to port. As the vessel navigates between ports, the parameters of
the water being pumped on-board and discharged differ from one voyage to the next: the chemical content of
sea water, temperature, micro- and macro-organisms, salinity, etc. There is no typical seawater you can anticipate
and design for. While there are artificial seawater standards, they behave differently than the wide variance of
seawater quality (3).

•

Stagnation. The water is retained in the ballast tanks, equipment and piping systems during a voyage, and
may be partially or completely discharged weeks, or even months, later (typically 1-3 weeks). Stagnant water
promotes the formation of biofilm, which promotes corrosion.

DIFFERENT ZONES
IN A BALLAST TANK
A

B

Zone 1
Gaseous Phase

Zone 2
Splash Zone
Liquid Level

Zone 3
Liquid Zone
Zone 4
Sediment

Figure 1: Different zones in a ballast tank (A) and (B) The different zones (1,2).
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CAUSES OF CORROSION
IN BWMS FILTERS
THE AMOUNT OF WATER IN THE BALLAST WATER FILTER
TANKS VARIES FROM ONE VOYAGE TO THE NEXT. The tanks
are half-full most of the time, resulting in multiple corrosion
zones within the ﬁlter: gas phase, splash zone, immersion zone
and sediment. Each zone is characterized with different
corrosion problems and rates.

THE QUALITY OF THE WATER VARIES FROM PORT TO PORT.
As the vessel navigates between ports, the parameters of the
water being pumped on-board and discharged differ from one
voyage to the next: the chemical content of sea water,
temperature, micro- and macro-organisms, salinity, etc. There is
no typical seawater you can anticipate and design for.

STAGNATION. The water is retained in the ballast tanks.
equipment and piping systems during a voyage, and may be
partially or completely discharged weeks, or even months, later
(typically 1-3 weeks). Stagnant water promotes the formation of
bioﬁlm, which promotes corrosion.

Filtration systems are part of the ballast water management
systems (BWMS). They are located downstream from the system’s

Filter operation

pump and filter the water during uptake. These systems operate

W Recommended procedure is to always

during ballasting, and once that process is completed, are unused

have the filter full of water, or to drain

for a long period of time; typically 1-3 weeks, and possibly longer.

the filter, rinse it with non-salted water,

Filtersafe operating manuals indicate that the proper standard

and air dry.

operating procedure is to always have the filter full of water, or

In practice sometimes the filters are

alternatively, to drain the filter, rinse it with non-salted water (pure

just drained or half drained.

water), and air dry in order to avoid the harsh environment that

X

prevails in a half-drained filter. In practice though, sometimes the
filters are drained or half drained.
The location of the filters in the BWMS and the presence of carbon steel piping and instruments upstream to the filter
can cause the accumulation of corrosion products on the screen surface. These products are mostly composed from
iron oxides and hydroxides, and can stain the screens and lead to a type of corrosion, known as rouging.
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The Challenges in Corrosion Control of a Stainless Steel Screen
In order to understand corrosion of stainless steel we first need to find out what a stainless steel alloy is and what
makes it such popular and elegant material of choice.
Stainless steel is an iron-base alloy containing at least 10.5% Chromium (Cr). The presence of the chromium element
is crucial for the “stainless” feature. The chromium in the alloy reacts with oxygen and forms a very thin (1-3 nm)
layer of protection composed of chromium oxide (Cr2O3)(4). This film covers the entire surface of the steel. The
layer is transparent, inert, and provides a shield from environmental conditions, and therefore is called a passive
layer (Figure 2). One of the unique features of this passive layer is its self-healing ability. If the layer suffers damage,
new chromium elements being exposed in the base material react with the oxygen in the environment and with the
right conditions, create a new passive film within hours.

Oxygen in the air or water
Passive Layer
Stainless Steel
1. The Passive Layer of
Chromium oxide
protecting the
stainless steel

2. Chromium oxide
layer damaged

3. Chromium react with
oxygen to reform
the passive layer

Figure 2: An illustration of a passive layer: the passive thin chromium oxide layer provides protection to the steel. If damaged (center) it can self-heal by
the reaction with oxygen.
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Pitting Corrosion – Why Does Stainless Steel Suffer From Pitting
And Not Uniform Corrosion In Seawater?
When we think of corrosion, we usually picture an image of a rusty carbon steel component covered with reddish
deposits – the classic uniform corrosion (Figure 3A). Stainless steel does not suffer from uniform corrosion in seawater.
It has a passive layer, as described above, to protect from general attack in seawater. The nature of corrosion attacks
on stainless steel is localized (1). The most common localized corrosion is pitting corrosion, whose process starts with
damage to the passive layer and continues with the lack of formation of a new passive layer due to environmental
conditions (5), and ends with the formation of a pit, and eventually, a hole (Figure 3B).

A

B

Figure 3: Uniform corrosion versus pitting corrosion. (A) On the left carbon steel’s typical uniform corrosion.
(B) On the right, pitting corrosion of stainless steel. The corrosion is localized in area where the passive layer
was damaged.

Crevice Corrosion – The Challenge of Complex Geometric
Structures
Another form of localized corrosion is crevice corrosion. It involves a component that holds narrow spaces such as
threads where water can penetrate but the circulation is limited or stopped. The stagnation combined with the
limited circulation can create a differential aeration cell (1). This can lead to a different pH and different concentrations
of chlorides between the inside of the crevice and its surroundings. This is essentially a type of electrochemical cell
that accelerates the corrosion process. The challenge in a complex geometric structure such as a fine screen is the
huge number of tiny crevices within the mesh.
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Microbiologically Induced Corrosion (MIC) – The Role of
Micro-Organisms In Corrosion Attacks.
Often, conditions in the filter favor the development of microbiologically influenced corrosion (MIC). Stagnation
of water that contains different microorganisms within a narrow temperature range, combined with the high content
of nutrients in seawater creates an ideal environment for the proliferation of diverse microorganism communities and
formation of biofilm.
MIC is not a defined corrosion mechanism, rather a combination of different corrosion processes, such as pitting
and crevice corrosion, that are accelerated by the activity of micro-organisms such as bacteria, fungi, and algae. The
biofilm formation is a well-known microbial survival strategy. There are different types of microorganisms in the
biofilm that act in a synergetic manner and actively accelerate corrosion attacks in various ways. Biofilm formations
take between one and three weeks in stagnant seawater, a period that unfortunately matches the typical shut-down
period between one ballasting to the next. Corrosion attacks can occur during this period.
The biofilm layer adheres to the stainless steel surface and creates an anaerobic environment underneath. This layer
can create a differential aeration cell, that will result in crevice corrosion. In addition, different microorganisms present
in seawater can secrete aggressive chemical compounds (mostly organic acids) that can attack the passive layer and
initiate the formation of a pit.
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TYPES OF CORROSIONS THAT CAN OCCUR

PITTING CORROSION

CREVICE CORROSION

A localized form of corrosion where
‘pits’ form on the surface. It is a
problematic type as it is difﬁcult to
detect and can ul timately be
structurally damaging.

This is a localized corrosion that occurs
where water can penetrate the surface
but it’s circulation is limited. This
causes stagnation, which can lead to a
c h a n g e i n Oxyg e n / p H / I o n s
concentration and eventually corrosion.

MICROBIAL INDUCED
CORROSION
MIC ia a combination of different
corrosion processes, such as pitting
and crevice corrosion, that are
a c c e l e r a te d b y t h e a c t i v i t y o f
micro-organisms that create a bioﬁlm,
below which pitting and crevice
corrosion can occur.
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ROUGING
Rouging is the term used to describe
the reddish-brown corrosion products
deposited on the surface of steel. These
deposits are made up of iron oxides
and hydroxides, with ferric oxide being
the most common species.
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Rouging – When Corrosion Deposits From Different Sources Stain
Your Screens.
Rouging is the term used to describe the reddish-brown corrosion products deposited on a steel surface. These
deposits are made up of iron oxides and hydroxides, with ferric oxide being the most common species. There are
three types of rouging corrosion (6):
•

The most common type of rouging found in ballast filtration systems is where the iron oxides are products of
corrosion processes taking place upstream to the filter. Most of the pipes in a vessel are made of carbon steel
and if they corrode, the corrosion products make their way downstream. The filtration systems serve as a
guard preventing the further travel of the iron oxide solids larger than the micron degree of the filter screen.
The combination of the location of the filter and the corrosion products in the system make the screen prone
for rouging. Fortunately, the rouge layer can be easily removed; the cleaning of these deposits is extremely
important as the deposits can create a favorable condition for crevice corrosion. (Figure 4)

•

Rouging that occurs as a result of the corrosion processes within the stainless steel surface. This rouge layer is
harder to remove and can hide damage or pitting corrosion underneath.

•

Black-oxide rouge that is generated at high temperatures (typically during welding) and removed with a
chemical treatment.

A

B

C

D

E

Figure 4: A screen suffering from rouging before (A, D) and after (B, E) a cleaning procedure. The deposits are
removed with descaling agent (C).
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Research & Development of Concepts For
Improving Corrosion Resistance
In ballast water systems there is widespread use of 316L stainless steel components; 316L is an alloy
that is prone to early corrosion attacks. Filtersafe’s ongoing search for improvements lead to the
research and development of two approaches to enhance the corrosion resistance of the stainless
steel screens: enhancing the performance of 316L stainless steel screens and upgrading the alloy.

Enhancing The Performance of 316L Stainless Steel Screens
Nano Coating of 316L Stainless Steel Screens:
The first approach was to try and create a barrier between the steel and the environment, which can be achieved by
applying a coating on the stainless steel surface. The challenge in coating a fine screen is twofold: First is the need to
avoid clogging the pores with the coating. Second, is to make sure that the coating is applied on the entirety of the
surface, a hard task when coating needs be carried out on a complex structure such as a fine screen.
Two vapor deposition applications were examined as options for the coating: The different technique considerations
are out of the scope of this paper. Both techniques require expensive chambers for the process, a controlled
environment, and a long coating process. These requirements result in high costs, even when compared to the highend stainless steel alloys. It is worth to mention that coating stainless steel is redundant as stainless steel has a natural
protective layer, described above. Once the steel is coated, even with a superior coating, the benefit of the passive
layer is eliminated.
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Coating The Weakest Link: The Weld Seam
When welding stainless steel, the high temperatures required for the process alter the microstructure of the steel.
The non melted area that is affected by the process is called the Heat Affected Zone (HAZ) and is characterized
by a different microstructure in comparison to the base material (Figure 5). The HAZ suffers from inferior corrosion
resistance and is the first to be attacked by corrosion. Protection of the weld seam from corrosion attacks via a coating
seems to be a good solution as it is the weakest link. There are many different coating options: simple barrier coating,
coating that contains corrosion inhibitors and coating that acts similarly to a sacrificial anode. The main disadvantage
of this solution is the boundary between the coat and the steel. This border is prone to suffer from crevice corrosion
if the adhesion is not perfect. The adhesion is especially challenging in stainless steel due to the passive layer that
needs to be removed first. The feasibility tests showed poor results due to repeated adhesive failures, ruling out
this approach.

Figure 5: A metallographic cross-section of a SS 316L weld seam. On
the left - typical austenitic structure. On the right - the weld and the
HAZ microstructure.

Cathodic Protection of 316L Stainless Steel Screen
One of the most elegant ways to protect steel is to design a cathodic protection system. This approach has been
applied in marine vessels for years. In ships, impressed current cathodic protection (ICCP) systems are usually
used. In small systems, e.g. filters, it is not common to use ICCP systems, and they instead utilize sacrificial anodes.
The principle in both techniques is to form an electrochemical cell where the screen will act as a cathode thus,
protecting from corrosion. While the protection of a screen using a sacrificial anode can be obtained, the anode
consumption leads to the formation of a hard scale on the screen surface that clogs the screen pores. This risk is
critical in high consumption rates of the anode. Considerable hurdles need to be overcome for the option to
become viable.
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Upgrading The Alloy
A second approach is to choose an upgraded alloy to use. Though a seemingly simple solution, the selection process
is complex, due to the need to minimize cost without sacrificing product performance requirements. What Filtersafe
set out to accomplish was to survey all of the relevant alloy options available, and choose the one that will meet the
demands’ of their clients.
When considering all options, the upgrade solution was chosen as the way forward. See table 1 for comparison.

Table 1
NANO COATING

WELD SEAM
COATING

CATHODIC
PROTECTION

UPGRADING
THE ALLOY

Coating of a full 316L
stainless steel screen

The weakest link - different
coating options

Sacrificial zinc anode for
316L stainless steel screen

(See next section
for details)

STATUS

Not Viable

Not Viable

Inconclusive

Viable & Active

Feasibility tests were
completed, tech-economic
analysis showed poor results

Feasibility tests were
completed

Feasibility test completed.
Pilot test ongoing

Installation of approx.
18 months

PROS

• Good corrosion resistance
on small screen

• Give solution on the
weakest link
• Short implementation

• Good protection suitable
for retrofit use

• Better protection
• Short implementation

CONS

• High final cost
• Technical issues with full
screen coating
• Poor repeatability

• Adhesion issues for all
coating types.
• Can only be implemented
on weld seam.

• Clogging issue
• Considerable challenges
when implementing
• Stray current inside the
filter

• Higher raw material costs

Comparison of four approaches to obtaining higher corrosion resistance for SS316L screens. The three R&D approaches for enhancing the corrosion resistance of
316L (A-C) gave poor or mixed results, while the upgrading solution (D) showed good feasibility.

16

STAGE 2:

Research & Development for
New Alloy Selection

Overcoming Corrosion of Stainless Steel Screens in Seawater Applications / Stage 2

IN ORDER TO MAKE THE BEST
CHOICE, THERE ARE 6 FACTORS
TO TAKE INTO ACCOUNT:

01

PITTING RESISTANCE EQUIVALENT NUMBER (PREN): This is a
value based on the chemical composition of an alloy that estimates
its corrosion resistance. The PREN has an excellent correlation with
real life performance in high chloride environments (such as
seawater). It is accepted in the industry that materials with a PREN
over 40 are suitable for extended seawater applications.

02

PRODUCTION ISSUES: The welding process can exacerbate
corrosion. In general, the process requires strict control of key
parameters such as cooling rate, shielding gas mixture and ﬁller
speciﬁcation. In addition, there are several issues to consider when
designing a welding procedure such as sensitization and high
ferrite content,

03

MICROBIAL INDUCED CORROSION RESISTANCE (MIC): MIC is a
combination of different corrosion processes, such as pitting and
crevice corrosion, that are accelerated by the activity of
micro-organisms that create a bioﬁlm, below which pitting and
crevice corrosion can occur. Different alloys have different abilities
to resist this process.

04

18

CHEMICAL RESISTANCE: Some applications of Ballast Water
Management Systems use low levels of chemicals as part of the
secondary treatment process, that can cause corrosion.
For example, hypochlorite.

05

COST: Not just of the alloy itself, but of the parts’ lifespan. A more
durable alloy may cost more initially, but save money over the
course of the product’s life due to less need for maintenance
and repair.

06

AVAILABILITY AND LEAD TIME: Also important is the ease of
procurement! A magical alloy that never corrodes isn’t worthwhile if
there is no reliable distributor for it.
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Research & Development for New Alloy
Selection
How To Choose a Stainless Steel Alloy for Seawater Applications?
There are approximately 200 (7) types of stainless steels. The material selection process is comprised
of many steps and constraints. Mechanical, chemical, manufacturing and cost aspects need to be
addressed during each alloy evaluation. Here is summary of six important parameters that were
considered in our selection process. Each parameter was graded according to its typical features
and the index was used in our comparison. This comparison is presented in a “radar” diagram, a
good way to demonstrate the different indexes in the same graph.

1.

Pitting Resistance Equivalent Number (PREN)

The first parameter to consider when comparing stainless steel alloys for seawater applications is the pitting
resistance equivalent number (PREN). This is a value based on the chemical composition of an alloy (See table 2). It
gives an estimation for the localized corrosion resistance. There are several similar equations but the most common
one includes the elements chromium (Cr), molybdenum (Mo), and nitrogen (N):

PREN = Cr + 3.3·Mo + 16·N
The PREN value has excellent correlation with real life performance of austenitic stainless steel in high chloride
environments (8) and it is the first parameter to be included in our comparison. In Table 3 there are the PREN values of
four alloys calculated according to the chemical composition specified in ASTM A240. It is accepted in the industry
that materials with a PREN over 40 are suitable for extended seawater applications. It is noted that the best correlation
if for austenitic gardes while there is a one duplex grade in the comparison.

Table 2 / Chemical Composition Requirements, %wt.
AUSTENITIC (CHROMIUM-NICKEL) (CHROMIUM-MANGANESE NICKEL)

UNS

TYPE C

CARBON

MANGANESE

DESIGNATION

PHOS-

SULFUR

SILICON

CHROMIUM

NICKEL

MOLYBDENUM

NITROGEN

COPPER

PHORUS

S31603

316L

0.030

2.00

0.045

0.030

0.75

16.0-18.0

10.0-14.0

2.00-3.00

0.10

-

S32205

2205

0.030

2.00

0.030

0.020

1.00

22.0-23.0

4.5-6.5

3.0-3.5

0.14-0.20

-

NO08904

904L

0.020

2.00

0.045

0.065

1.0

19.0-23.0

23.0-28.0

4.0-5.0

0.10

1.0-2.0

S31254

254 SMO

0.020

1.00

0.030

0.010

0.80

19.5-20.5

17.5-18.5

6.0-6.5

0.18-0.22

0.50-1.00

The chemical composition of different alloys as specified in ASTM A240
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Table 3 / PREN Comparison
GRADE

PREN MIN

PREN MAX

AVERAGE

316L

22.6

29.5

26.1

2205

34.1

37.75

35.9

904L

32.2

41.1

36.7

254 SMO

42.2

45.47

43.8

The PREN values of four alloys were calculated according to the chemical composition specified in ASTM A240.

2.

Production Issues

The welding process is critical for the corrosion resistance of stainless steel. In general, the process requires strict
control of key parameters such as cooling rate, shielding gas mixture and filler specification. In the latter, sometimes
a higher-grade alloy is being used as a filler. These specifications are dependent on the alloy being welded and
affect the corrosion resistance of the product. In addition, there are several pitfalls to avoid when designing a
welding procedure. One example is sensitization, also known as carbide precipitation. The process occurs at high
temperatures, when carbon reacts with chromium to produce carbides that participate in the grain boundaries. This
can be controlled by choosing an alloy with low carbon content (<0.03%), which is typically identified by the letter “L”
in the alloy name. Sensitization can lead to intergranular corrosion or stress corrosion cracking and early failure, thus,
choosing a low-carbon grade is important.

Another parameter to consider in the welding process of austenitic stainless steel is the “ferrite content” in the weld
seam (9). Ferrite content of more than 3% results in an inferior corrosion resistance. The tendency for the formation of
ferrite structure during the welding varies between different alloys. The 316L alloy is prone to the formation of high
ferrite content and needs to be welded under strict control, while 904L has less tendency to form a ferrite structure.
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3.

Microbiologically Induced Corrosion Resistance

As described in the introduction, microbiologically induced corrosion (MIC) plays a huge role in our systems. The
ability to resist the different processes that cause this phenomenon is critical for extending the screen’s lifetime. SS
316L has a limited set of tools for resisting MIC. SS 904L and duplex 2205 are considered reasonable solutions while
254 SMO has excellent MIC resistance. In order to use a representative index for this comparison two parameters were
chosen to be included: critical pitting corrosion temperature (CPT) and critical crevice corrosion temperature (CCT).
These two parameters give a good estimation for the pitting and crevice corrosion resistance, two major corrosion
phenomena that occur in MIC.
a. Critical pitting corrosion temperature (CPT) value is a good comparison tool for evaluation of the temperature in
which the corrosion attack will start, and of the pitting corrosion resistance in specific conditions. It is measured
according to the ASTM G150 (10). The CPT is determined in NaCl solution at a constant potential (Figure 6).

CRITICAL PITTING CORROSION
TEMPERATURE (CPT)
90
80
254 SMO
70
60
904L

50
2205

40
30
20

316L

10
0 ºC

Figure 6: Typical CPT values comparison for various stainless steels based on average of two sources (11,12). The test evaluates the temperature in which a pitting corrosion
will start at specific conditions, here in a NaCl solution according to ASTM G150 (the most common salt in seawater). The higher the temperature reached by the alloy, the
more resistant it is.
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b. Critical Crevice Corrosion Temperature (CCT) is an additional parameter to use when comparing different
alloys. The critical crevice temperature is the minimum temperature (°C) to produce a crevice attack in specific
conditions. The CCT is lower that the CPT, and here as well served as a comparison toll. It is measured according to
ASTM G48 (13). (Figure 7)

CRITICAL CREVICE CORROSION
TEMPERATURE (CCPT)

40
35
30
25
20
254 SMO

15
10

2205
904L

5
0 ºC
-5

316L

-10
-15
Figure 7: Typical CCT values comparison for various stainless steels based on average of two sources (12, 14). The test evaluates the temperature in which crevice corrosion
will start at specific condition, here in Ferric chloride solution (according to ASTM G48). This solution is very aggressive, and the temperature should be taken only as a
comparison tool between different alloys. The higher the temperature reached by the alloy, the more resistant it is.
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4.

Chemical Resistance
254SMO

Some applications of Filtersafe filters in BWMS use low levels of chemicals

Production

as part of the treatment process. Sodium Hypochlorite (NaClO) is a
common biocide that being used widely in many applications. Other

Chemical
Resistance

MIC

chemicals that are commonly used and sometimes get introduced to
the systems are acids used for chemical cleaning. SS 904L has superior
resistance to acid during cleaning procedure and to sodium hypochlorite

PREN

Cost

when comparing to 316L.
Availability

316L

5.

Cost

Production

The cost differences between different alloys are highly dependent
Chemical
Resistance

MIC

on its Cr, Ni, and Mo content. These three elements have tremendous
influence on the corrosion resistance and two of them comprise the
PREN equation. Thus, the corrosion resistance is highly correlated with

PREN

Cost

the alloy cost. The 254 SMO has superior corrosion resistance, but it is
three times more expensive than 316L. In comparison, the 904L is 1.3

Availability

more expensive and has good corrosion resistance. In duplex 2205 the

Duplex 2205

cost of raw material is quite low, but due to production process unique

Production

to screens, the final screen cost is similar to 904L. The trade-off between
Chemical
Resistance

MIC

corrosion resistance and cost varies between applications and between
customers. In most of the BWMS the 316L alloy is commonly used. Our
research has lead us to conclude that upgrading to a higher alloy such

PREN

Cost

Availability
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as 904L is more commercially applicable, considering the durability,
the cost and frequency of service, including the filter’s lifetime need of
spare parts.

Overcoming Corrosion of Stainless Steel Screens in Seawater Applications / Stage 2

6.

Availability And Lead Time

The number of suppliers who can produce a certain alloy affects the

904L

choice of our stainless steel grade. Theoretically Duplex SS 2205 is

Production

a good candidate for our needs, but there are too few suppliers who
can produce it to make it a viable choice for us without opening the

Chemical
Resistance

MIC

door to bottlenecks and other supply chain issues. Similarly, 254 SMO
is not produced regularly by weaved screen suppliers. In the case of a
popular alloy such as 316L, all the suppliers can provide the product.
Even though 904L is less common, we find it is still readily available.

PREN

If we consider the lead time in our comparison, a critical factor in the

Cost

Availability

ability to give good service to our customers, then the 254 SMO suffers
from obvious inferiority in comparison to 904L.

Table 4 / Alloy Review Summary

316L

2205

904L

254 SMO

PREN

Low

Good

Good

Excellent

PRODUCTION

High Ferrite risk

MIC

Poor

Good

Good

Excellent

CHEMICAL RESISTANCE

Poor

Good

Good

Excellent

COST

Low

Medium

Medium

High

AVAILABILITY

Excellent

Poor

Excellent

Medium

Sinter-bonding and
welding issues

A summary of the different features to consider when choosing a stainless steel alloy.
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No major issues

No major issues
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STAINLESS STEEL GRADES
COMPARISON
Production

Chemical
Resistance

MIC

PREN

Cost

Availability
316L

Duplex 2205

904L

254SMO

Summary
When coming to the decision which alloy to use in BWMS there are many aspects to consider beyond just providing
a cost-effective solution. The specific stainless steel of choice can vary from one customer to another. While 316L is
common with most ballast water filtration companies, due to its low-cost and availability, it has clear disadvantages
in seawater applications. 316L screens are prone to MIC and pitting corrosion and could suffer from early failure as
a result (15). These failures hold a heavier price than just the screen cost and replacement. There is also the hidden
cost of a sudden BWMS failure or corrosion degradation of the filter screen, which can lead to compliance failures for
shipowners, and high fines.
Listing the different aspects in a table (see table 4) can be confusing. The use of radar diagram here allows us to
compare the different features in a single graph. The choice becomes clear as to which steel alloy provides good
protection at the best price.
Looking at the “radar” diagram it is obvious that the best fit in terms of corrosion resistance for the application is 254
SMO, but the price and the availability of this alloy makes it an unattractive option. The combination of Increased
corrosion resistance, attractive price, and availability of the 904L alloy makes it the best cost effective choice for
ballast water/sea water applications and recommended for our systems.
Reach out to us at marine@filtersafe.net for more information about the topics discussed in this white paper, or to
schedule a consultation regarding which filter is best for your needs.
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Glossary
}

Austenitic Stainless Steel
There are 5 stainless steel types that are characterized by their micro-structure.
One of them is Austenitic Stainless Steel that differs from the rest by the crystal
structure of its face-centered cubic (FCC) which prevents it from being hardenable
by heat treatment and makes it non-magnetic.

}

Ballasting
The process of pumping water into ballast water tanks to adjust the ship's
buoyancy, stability, and trim.

}

Cathode
In galvanic cells the cathode is the positively charge electrode, in which the
electrons flow to.

}

Cathodic Protection
The process of controlling the corrosion of a metallic surface by making it the
cathode of an electrochemical cell.

}

Deballasting
The process of discharging water from ballast water tanks to adjust the ship's
buoyancy, stability, and trim.

}

Grain Boundaries
Grain Boundary is the interface between two grains, or crystallites, in a
polycrystalline material. In steels, it is a common site for precipitation of different
carbides and could act as the initiation site for corrosion processes.

}

Sacrificial Anodes
Sacrificial Anode also known as galvanic anode, is a material that is used as an
anode in cathodic protection systems of a metal component. The potential of
the anode is more active than the metal being protected, and as consequence
the sacrificial anode is corroded, leaving the metal component essentially free
of corrosion.
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Sources: Encyclopedia Britannica, Wikipedia
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